. 1999. Use of forage inoculants with or without enzymes to improve preservation and quality of whole crop barley forage ensiled as large bales. Can. J. Anim. Sci. 79: 525-532. The effects of forage additives, applied to bales wrapped at either 2 or 10 h post-baling, on preservation and quality of whole barley crop ensiled as large bales were investigated. Forage was cut at the early milk stage and allowed to wilt over a 24-h period to 47% DM. Bales were allocated on the basis of baling sequence to one of three additives treatments: without inoculant (Control); treated with a microbial inoculant, Lactobacillus plantarum and Pediococcus cerevisiae (LpPc); or treated with Lactobacillus plantarum and Pediococcus cerevisiae, plus cellulase and pectinase (LpPcE). An equal number of bales (n = 18) representing each treatment group were wrapped at either 2 or 10 h post-baling. All bales were core sampled at baling and on days 1, 2, 3, 6, 9, 13, 17, 29, 64, 92, 252 and 308 post-baling. Bales were weighed prior to being wrapped and when removed from storage to measure DM and nutrient losses during storage. During wrapping, a thermocouple wire was inserted in each bale to monitor bale temperature. Time of wrapping did not affect nutrient composition or ensiling characteristics of silage. Application of forage additives had no effect on nutrient profile or recovery, however, silage treated with LpPc inoculant had lower (P < 0.05) ammonia N compared with untreated or treated with LpPcE silage. Storage temperature of bales representing all treatments did not exceed 28°C but were approximately 2 to 3°C higher in the Control than treated silage for the first 3 d post-ensiling. Silage treated with forage additives had a lower (P < 0.05) pH and an increase (P < 0.05) in concentrations of lactic and total acids. Ethanol and 2,3 butanediol levels were higher (P < 0.05) in untreated silage compared with inoculated silage. Silage treated with forage additives were more stable and took 5, 9 and 12 d to heat after exposure to air for Control, LpPc and LpPcE silage, respectively. Results from this study indicated that treatment with microbial inoculants was beneficial in preserving whole crop barley ensiled as large bales. Addition of enzymes to microbial inoculant did not have further beneficial effect on quality of large bale silage. Sci. 79: 525-532. Nous avons observé les effets d'additifs de conservation des fourrages sur la conservation et la qualité de l'orge plante entière ensilée en grosses balles, selon que les balles étaient enrubannées 2 h ou 10 h après leur confection. L'orge était fauchée au début du stade laiteux et laissée à faner pendant 24 h jusqu'à une teneur en m.s. de 47 %. Les balles étaient réparties, selon leur séquence de mise en balles, entre 3 traitements : sans inoculant microbien (témoin), avec inoculants microbiens Lactobacillus plantarum et Pediococcus cerevisiae (LpPc), soit seuls soit additionnés de cellulase et de pectinase (LpPcE). Un nombre égal de balles (n = 18) représentatif de chaque traitement étaient enrubannées à 2 ou 10 h après leur formation. Toutes les balles étaient échantillonnées par carottage le jour du pressage et 1,2, 3, 6, 9, 13, 17, 29, 64, 92, 252 et 308 jours après. Les balles étaient pesées avant l'enrubannage et lors de leur utilisation pour mesurer les pertes en m.s. et en nutriments subies en cours de conservation. Durant l'enrubannage, un thermocouple était inséré dans chaque balle pour suivre l'évolution de la température à coeur. Le délai d'enrubannage n'avait pas d'effet sur la composition nutritionnelle ni sur les caractères du fourrage ensilé. L'utilisation d'additifs de conservation était sans effet sur le profil ou sur l'intégrité des nutriments, encore que l'ensilage ensemencé de LpPc contenait moins (P < 0,05) de N ammonical que l'ensilage témoin ou que l'ensilage LpPcE. Les températures de conservation, tous traitements confondus, ne dépassaient pas 28°C, mais dans les trois premiers jours après le début du processus d'ensilage, elles étaient d'environ 2 à 3°C plus élevées dans l'ensilage témoin que dans les ensilages traités. Les ensilages traités se caractérisaient pas un pH plus bas (P < 0,05) et par une augmentation (P < 0,05) des concentrations d'acide lactique et des acides totaux. Les niveaux d'éthanol et de 2,3 butanediol étaient plus élevés (P < 0,05) dans l'ensilage témoin. Les ensilages traités aux conservateurs étaient plus stables et prenaient, respectivement, 5, 9 et 12 jours pour chauffer après leur exposition à l'air pour le témoin, pour l'ensilage LpPc et pour LpPcE. Il ressort de ces travaux que le traitement aux inoculants microbiens favorisait la conservation de l'ensilage de l'orge plante entière en grosses balles cylindriques. L'ajout d'enzymes à l'inoculant ne semble pas avoir produit d'avantages additionnels pour la qualité de l'ensilage. 
Silage inoculants are used to enhance fermentation by adding LAB at ensiling. When the inoculant bacteria dominate fermentation, the resulting silage has less acetic acid and ethanol, more lactic acid, and a lower pH than may occur if epiphytic bacterial populations drive the fermentation process. Several studies have examined the effects of microbial inoculants to improve preservation of chopped alfalfa stored in bunker, tower or laboratory silos. The effect of inoculants on silage fermentation characteristics and on animal performance have produced a range of results depending on factors such as epiphytic microflora populations, forage moisture and water-soluble carbohydrate content and ensiling management (Kung et al. 1987; Shockey et al. 1988; Kent et al. 1989; Bolsen et al. 1992) . Addition of microbial inoculants improved silage fermentation, DM recovery and milk production in dairy cows (Kung et al. 1987; Bolsen et al. 1992) . However, inoculant usage did not improve silage fermentation characteristics in other studies (Shockey et al. 1988) . Use of additives containing homofermentative lactic acid bacteria plus enzyme may promote fermentation by releasing additional water-soluble carbohydrates from plant cell wall or storage polysaccharides (McHan 1986) .
Little research has been conducted relative to the use of forage additives on the preservation and quality of grass and alfalfa or small grain forage ensiled as LBS. Jonsson et al. (1990) showed that wilting to 50% DM and application of Lactobacillus plantarum and Pediococcus acidilactiici inoculant, at 10 6 CFU g -1 fresh forage reduced silage pH, butyric acid, ethanol, NH 3 N, clostridial spores and increased lactic acid and acetic acid contents of LBS compared with that of unwilted and non-inoculated grass silage. Large bale silage fermentation characteristics and animal performance were not improved when Lactobacillus plantarum was applied at 0.4 × 10 6 CFU g -1 on alfalfa forage (Mir et al. 1995) or Advance I™ (unspecified inoculant [Bates et al. 1989 ]) on grass forage.
The objectives of this study were to determine the efficacy of two forage additives (Lactobacillus plantarum and Pediococcus cerevisiae; Lactobacillus plantarum, Pediococcus cerevisiae, cellulase and pectinase) applied to large bale barley forage wrapped either 2 or 10 h post-baling relative to non-treated Control forage on fermentation characteristics, nutrient profile, long-term storage stability and aerobic stability.
MATERIALS AND METHODS
A whole barley crop (Robust variety) field was divided into three blocks and was swathed at the early milk stage on 12 August 1997. Forage was allowed to wilt over a 24-h period to approximately 47% DM, and baled on 13 August 1997. Forage was baled with a New Holland (model 851) hard core round baler, yielding bales averaging 786 ± 70 kg, wet basis.
Silage treatments involved time of wrapping and inoculant application. Bales were wrapped within 2 or 10 h postbaling. Forage treatments were: no additive (Control); Lactobacillus plantarum and Pediococcus cerevisiae (LpPc); Lactobacillus plantarum, Pediococcus cerevisiae, cellulase and pectinase (LpPcE). The LpPc contains 45.4 × 10 9 CFU of lactic acid-producing bacteria g -1 inoculant. The LpPcE contains 10 × 10 9 CFU of lactic acid-producing bacteria; cellulase, 2750 carboxymethy cellulose units; pectinase, 42.5 apple pomance units g -1 inoculant as well as unspecified amounts of sucrose and sodium alumino silicate. All inoculants were provided by Chr. Hansen BioSystems Inc. (Milwaukee, Wisconsin) and were stored at 4°C until time of use. The LpPc and LpPcE additives were suspended in dechlorinated water and applied within 6 h of initial mixing via a pump and sprayer system, which was installed on the baler. A FloodJet visiflo spray tip TK-SS.75 with 110°spray angle was used (Spraying System Co., Wheaton, IL).
Bales were tagged and core-sampled immediately, thereafter, they were weighed and transported to the final storage site. During wrapping, a thermocouple wire was inserted 45 cm into each bale for monitoring bale temperature. Six layers of 25.4-µm plastic was placed on the bales using a stretch wrap technique. Two bales per treatment were generated at each wrapping time from each of the three field blocks. A total of 36 bales were used in this study.
A 300-g sample of fresh forage, consisting of 8-10 cores, was taken from each bale using a Penn State core sampler immediately after baling. Bales also were core sampled on days 1, 2, 3, 6, 9, 13, 17, 29, 64, 92, 252 , and 308 after baling. All core samples were frozen (-20°C) until analysed for DM, pH, VFA, lactic acid, ammonia nitrogen (NH 3 N), ethanol and 2,3 butanediol. To minimise adverse effects of core sampling, the core sampling site was flushed with CO 2 gas following sampling, and the core sampler hole was sealed immediately with tape ("Tuck Tape", Canadian Technical Tape Ltd. Montreal, QC). Core samples taken on days 0, 29, 64, 252, and 308 were analysed for CP, ADF, NDF, WSC, and N fractions. Buffering capacity was determined on day 0, 29, 64 and 308 core samples. Starch content of forage was determined on days 0, 64, 252 and 308. Bale temperature was monitored daily for the first 21 d and on days 23, 25, 27, 29, 31, 34, 36, and 64 . Final bale weights were measured at the time of unwrapping on day 308.
Three bales from each treatment wrapped within 10 h of baling were randomly selected for an aerobic stability study. The selected bales were unwrapped and kept in a open shed and exposed to ambient temperature (averaging 24°C) for 21 d. Two thermocouple wires were inserted to the centre of each bale and bale temperature was monitored twice daily.
Core samples were thawed at room temperature for analysis of pH, VFA, lactic acid, ethanol and 2,3 butanediol and NH 3 N. The pH was determined by Accumet pH meter, model 810 (Fisher Scientific) with a Gel-filled combination electrode (Orion model 91-05) following immersion of 12.5 g of the silage core sample in 50 mL of neutral distilled water and soaking for 2 h with occasional shaking. The buffering capacity was determined after macerating 5 g of core sample of forage in 200 mL freshly boiled, cooled, distilled water. The sample was titrated to pH 3 with 0.1 N HCL to release bicarbonates. The solution was then titrated to pH 6 with 0.1 N NaOH, and buffering capacity per kilogram of DM was expressed in milliquivalents of alkali required to raise the pH from 4 to 6 (Playne and McDonald 1966) . Organic acids, NH 3 N, ethanol and 2,3 butanediol were extracted by placing 10 g of the silage core sample into 50 mL of 0.1 N HCl in a 125 mL Erlenmeyer flask and shaking the contents at room temperature overnight using a Controlled Environment Incubator Shaker (New Brunswick Scientific Co. Inc., Edison, NJ). Five millilitres of the resulting solution and 1 mL 25% metaphosphoric acid were transferred to a 10 mL centrifuge tube, mixed and frozen overnight. The mixture was thawed and neutralized with 25% NaOH to a pH of 5-8, reacidified with 0.6 mL of 0.3 M oxalic acid, and centrifuged at 3000 rpm for 15 min. The supernatant (without internal standard) was injected directly into gas chromatograph for VFA, lactic acid, ethanol and 2,3 butanediol determination as outlined by Di Corcia and Samperi (1974) . The instrument used was a Varian model 3400 with flame ionization detector and 8100 auto sampler. A 2 m × 2 mm i.d. column packed with 80/120 Carbopack B-DA/4% CARBOWAX 20M (Supelco 1-1889) was used. The initial column oven temperature was 165°C and held for 22 min. Injector and detector temperatures were 200°C and 210°C, respectively. The flow rate of the helium carrier gas was adjusted to 24 mL min -1 , air at 300 mL min -1 , and hydrogen at 30 mL min -1 . The peak areas were measured using Varian star chromatography software (version A2) and expressed as g kg -1 DM sample. Identification of the peaks and calculations were made using a standard mixture of VFA, lactic acid, ethanol and 2,3 butanediol. The NH 3 N concentration was determined by the colorimetric procedure of Novozamsky et al. (1974) .
Samples of fresh forage and the remaining portion of silage samples were freeze dried for DM determination. Samples were ground through a 1-mm screen and analysed for CP (Kjeldahl method, Method No. 984.13; Association of Official Analytical Chemists 1990) using a Tecator 1030 analyser, NDF (Komarek et al. 1994 ) and ADF (Komarek et al. 1993 ) using ANKOM's Fibre Analyser #F200 (Fairport, NY). Acid detergent insoluble nitrogen and NDIN analyses were performed on ADF and NDF residues using the Kjeldahl method. The WSC content in the forage was determined by the procedure outlined by Slominski et al. (1993) . Soluble N was determined using a borate-phosphate buffer (Roe et al. 1990 ). Starch was determined using enzymatic procedure of MacRae and Armstrong (1968) . Finely ground sample (0.25 g) was placed into a 50 mL volumetric flask and 25 mL of distilled water was added. The flask and contents were boiled in a water bath for 10 min, cooled, and 3% amyloglucosidase solution (3 g amyloglucosidase, Sigma A-7255, in 100 mL of 0.2 M sodium acetate buffer) was added to make 50 mL of solution. The mixture was incubated at 55°C for 24 h. The mixture was cooled and the 50 mL volume was adjusted with distilled water. Five millilitres of the resulting solution was transferred to a 10 mL centrifuge tube and centrifuged at 3000 rpm for 10 min. The supernatant (0.2 mL) was used in a glucose assay using Sigma glucose Kit No. 510-DA (Sigma Chemical Company, St. Louis, MO). The concentration of glucose was determined using an Ultrospec 2000 UV/visible spectrophotometer (Pharmacia Biotech, Cambridge, UK).
Data from day 64 were used for statistical analysis because peak acid levels and minimum pH values were achieved by this time across all treatments. Effect of wrapping time, forage additives and the interaction effect between these two factors on day 64 fermentation and nutrient profiles and forage DM recovery, fibre and protein retention, were analysed as a factorial design using the following model
where, Y ijk = observation, µ = overall mean, T i = wrapping time effect, F j = forage additive effect, TF ij = interaction effect, and e ijk = residue, using analysis of variance according to the general linear models procedure of SAS Institute, Inc. (1988) . Effect of forage additives on fermentation characteristics and nutrient profiles during storage were assessed using a split plot analysis with forage additives as the main plot effect and days of sampling as the subplot effect. Statistical differences among the treatment means were tested using the Bonferroni test when treatment differences were observed (P < 0.05).
RESULTS
The manufacturer-specified application rates for LpPc and LpPcE were 1 × 10 5 CFU g -1 fresh forage; however, the actual rate applied averaged 36 and 29% higher than the suggested application rate for LpPc and LpPcE, respectively, to ensure adequate level of bacteria would be available for proper fermentation.
Dry matter of forage at ensiling and 64 d post-ensiling averaged 47.2 and 46.7%, respectively (Table 1) . Forage DM content was relatively uniform across the field and no differences in DM content among treatments was observed. The CP content of initial forage and resulting silage were 10.8 and 11.6%, DM basis, respectively. Final silage CP content was not influenced by time of wrapping or by forage additives. Forage ADF content increased from 32.3 to 33.5% DM during the ensiling and storage period; forage additives and wrapping time had no effect on final concentration of ADF. The NDF content of forage did not change at ensiling or during storage as a result of wrapping time or forage additives and averaged 51.1% DM. As expected, forage WSC concentration declined from 16.7% DM at the time of ensiling to 10.4% DM at day 64 for all treated silage ( Table 1 ). The WSC content of treated silage decreased more rapidly, by 36%, while the WSC content of untreated silage decreased by 28% during the initial 29 days of storage (Fig. 1 ). However, treatments had no significant effect on final WSC contents. Starch content of forage was not different at day 0 or at day 64 across treatments and averaged 12.3%, DM basis.
The soluble N content increased from 47.2% at baling to an average of 65.9% of total N for all treatments at 64 d post-ensiling. Treatments had no effect on soluble N, ADIN and NDIN concentration. The ADIN values were low (<3.2% of total N) and similar to that normally observed for good-quality chopped barley silage. Ammonia N concentration increased from 0.79% at time of baling to 5.2, 3.5 and 5.3% of total N on day 29 post-baling for forage treated with Control, LpPc and LpPcE, respectively (Fig. 3) . Wrapping time had no significant effect on ammonia N content at day 64. Forage treated with LpPc had a lower (P < 0.05) ammonia N compared to untreated forage or forage treated with LpPcE (Table 1) .
The DM, CP, NDF and ADF recovery following ensiling and storage for 308 d was not influenced by time of wrapping or by addition of forage additive (Table 2) . Nutrient recoveries were high for this study. After 308 d of ensiling, silage for all treatments appeared well preserved and no mold was visually observed.
There was little difference in temperature between bales wrapped within 2 and 10 h during storage period. Average temperature of Control bales was slightly higher (2 and 3°C) than for LpPc and LpPcE, respectively, for the first 3 d (Fig. 1) . However, the daily temperature was the same across treatments during storage period from day 4 on. The highest temperature (28°C) was recorded in the Control bales on day 2 of storage.
Time of wrapping had no significant effect on pH, buffering capacity, VFA, ethanol and 2,3 butanediol concentration 64 d post-ensiling (Table 3) . Forage pH was approximately 6.28 and was similar among treatments prior to ensiling. Addition of forage additives resulted in a more rapid (P < 0.05) pH decline (Table 3, Fig. 2 ) than was observed for the Control silage. The pH of treated silage was lower (P < 0.05); pH values dropping to 4.27 by day 29 as compared with 5.17 for the Control silage. Buffering capacity of silage prior to storage was approximately 298 mE kg -1 DM among treatments, and increased to 445, 512 and 559 mE kg -1 DM by day 29 for Control, LpPc and LpPcE, respectively (Fig. 1) . Buffering capacity of silage treated with inoculants was higher (P < 0.05) than untreated silage at day 29. However, buffering capacity of LpPc silage remained the same as Control silage from day 64 to the rest of storage period.
The lower pH for silage treated with inoculants could be attributed to greater (P < 0.05) lactic acid concentration relative to the Control silage (Table 3, Fig. 2 ). Lactic acid content increased rapidly with the LpPc and LpPcE additive treated silage to 46.5 and 52.8 g kg -1 DM, respectively, compared with 23.2 g kg -1 DM for untreated silage by day 29 post-baling, a twofold increase. Enzyme addition did not affect lactic acid levels of inoculated silage during the ensiling period (Table 3) . There was a significant interaction effect between time of wrapping and forage additives for lactic acid content at 64 d of ensiling. This interaction was influenced by control bales wrapped at 10 h which had higher (P = 0.02) lactic acid content compared with Control bales wrapped at 2 h, resulting in a tendency for lower pH value for 10 h bales versus 2 h bales.
The initial acetic acid concentration was 0.9 g kg -1 DM and increased to 8.0, 7.0 and 11.0 g kg -1 DM by day 92 for Control, LpPc and LpPcE treated silage, respectively (Fig. 2) . Acetic acid concentrations of silage subjected to inoculant plus enzyme was higher (P < 0.05) than for untreated silage or silage treated with LpPc inoculant only (Table 3) . Butyric, isobutyric and propionic acids were present in low concentrations (Table 3 ) and did not show any difference among treatments. Silage treated with forage additives had higher (P < 0.05) concentrations of total acid compared with the Control silage. The concentration of total acid in inoculated silage could be attributed to a higher concentration of lactic acid in the treated silage (Table 3) .
Ethanol and 2,3 butanediol were higher (P < 0.05) in untreated silage compared with inoculated silage (Table 3 , Fig. 3) . Ethanol production appears to occur the first 2 wk of ensiling, with levels remaining relatively stable thereafter.
The silage treated with forage additives was more (P < 0.01) stable and took longer to heat after exposure to air prior feeding than the Control silage (Fig. 3) . Silage treated with LpPcE was more (P < 0.01) stable than silage treated with LpPc inoculant. Monitoring bale temperatures to assess aerobic stability showed that it took 5, 9 and 12 d for temperatures to reach 20°C for Control, LpPc and LpPcE treated forage, respectively.
DISCUSSION
All silages had over 96% nutrient recovery and desirable fermentation acid contents indicating that fermentation was adequate to produce high-quality silage regardless of treatment. The forage additives had a significant effect on lactic acid content compared with untreated silage after 1 wk of fermentation, which was accompanied by a more rapid decrease in pH. Treated large-bale silage in this study had a lactic acid content similar to chopped cereal silage ensiled in a 990-kg concrete stave silo (Williams et al. 1995) . The daily bale temperature across treatments were similar during storage period, never exceeding 28°C. The low concentration of ADIN indicates that minimal heat damage occurred during ensiling and storage.
Forage additives did not affect the total N content of silage, but LpPc reduced the NH 3 N content, suggesting that the rapid fall in pH partially inhibited plant proteolysis and possible proteolytic clostridia deamination of amino acids. Although proteolytic clostridia ferment mainly amino acids to a variety of products including acetic and butyric acid, amines and ammonia, it was surprising to find the same amount of NH 3 N in silage treated with LpPcE and Control despite evidence against the presence of clostridia in the silage (e.g. no butyric acid). Although most enzymes are substrate specific and capable of degrading the plant cell wall or fibre, but enzymes are usually a complex proteins with hydrolytic activity. The LpPcE inoculant preparation might contain proteases that degrade protein to amino acids with further breakdown to NH 3 N by microbial activity. Ammonia N can also arise from the action of plant enzymes and enterobacteria and the reduction of nitrates and nitrites (McDonald et al. 1995) . In the present study, the rate of NH 3 N production was greatest during the first 4 wk of ensiling, whereas gradual increases in NH 3 N concentration were noted thereafter.
The initial soluble N content was somewhat higher than soluble N level found by Bergen et al. (1991) in fresh whole crop small grains forage (20 to 28% of total N). The soluble N concentration of silage at day 64 of ensiling exceeded 50% of total N, which is in agreement with the finding of Bergen et al. (1991) . Initial protein breakdown could be attributed to the activity of plant endogenous proteases (Kent et al. 1989 ) and continuing increase in soluble N to day 64 is most likely related to microbial activity.
One reason for adding enzymes to silage is to convert structural carbohydrates to more simple sugar components for use as fermentable substrate by LAB. In order for LAB in silage to utilize sugars released from cellulose by hydrolysis, sugar availability must be concurrent with growth during ensiling. The decrease in concentration of WSC in this study may indicate that LAB were metabolizing the available sugars as fast as they were released. Addition of cellulase enzymes to hydrolyse cell walls to WSC may be effective when WSC is limiting and sufficient numbers of homolactic bacteria are present. Van Vuuren et al. (1989) reported that adding a cellulase enzyme complex to grass silage significantly reduced ADF and NDF content, but the effect was more pronounced in immature versus mature forage. In this study, silage treated with LpPcE had a decreased pH, but there were no significant difference in ADF and NDF content due to addition of enzyme. Addition of LpPcE treatment did not significantly affect acetic acid, and NH 3 N content compared with untreated silage, which is similar to the finding of Kung et al. (1990) and Bolsen et al. (1989) but in contrast with data of McHan (1986) and Weinberg et al. (1988) . Interpreting the differences among these finding is difficult, because the differences in application rate, enzyme activity and temperature, pH optimum and hydrolysis rate can have major effects on the usefulness of cellulase enzymes added to silage. McDonald et al. (1995) concluded that enzyme addition is most effective when added to young forage ensiled at low DM content. The forage treated with LpPcE was not chopped and had DM content of 47%, which could have contributed to the ineffectiveness of the inoculant plus enzyme compared with silage treated with LpPc inoculant.
Aerobic stability or resistance to aerobic spoilage of treated silage was higher than that of untreated silage, and silage treated with inoculant and enzyme was more stable than silage treated with inoculant alone. Weinberg et al. (1993) found that homofermentative LAB inoculants enhanced the aerobic deterioration of small grain silage (wheat and sorghum) and concluded that high levels of residual WSC, combined with high level of lactic acid and lack of protective VFA (such as acetic, propionic and butyric) in the inoculated silage were associated with aerobic spoilage. In this study, acetic acid level of silage treated with LpPcE was significantly higher than silage treated with LpPc inoculant, which may have resulted in better aerobic stability in LpPcE-treated silage compared with LpPc-treated silage. This increase in acetic acid production presumably is related to heterolactic acid bacteria, which produce acetic acid when fermenting fructose, or possibly from hemicellulose acetyl group (Bergen et al. 1991) .
Fungi and bacilli microorganisms, which produce ethanol and 2,3 butanediol and are solely aerobic are present when the silo is sealed, with populations declining rapidly once O 2 is not present (McDonald et al. 1995) . The concentration of ethanol in the silage increased over the initial 17 d of ensiling, indicating that O 2 concentration declined more slowly in the round bale silage system than is normally experienced for chopped silage placed into a tower or bunker silo. However, addition of forage additives significantly reduced ethanol and 2,3 butanediol level compared with untreated silage, presumably the rapid decline in pH inhibited further growth of these microorganisms.
CONCLUSIONS
Application of Lactobacillus plantarum and Pediococcus cerevisiae or a combination of Lactobacillus plantarum and Pediococcus cerevisiae plus enzymes positively affected fermentation and final quality of whole-crop barley forage ensiled as large bale silage. Specifically, forage lactic acid concentration was higher and pH was lower than that observed for untreated forage within 1 wk after ensiling when these additives was used. Addition of enzymes to the microbial inoculant did not further improve quality of silage, and the nitrogen fraction was adversely affected.
